Objective: To describe the characteristics of macrophage activation syndrome associated with juvenile idiopathic arthritis.
Introduction
The new, internationally adopted classification for childhood arthritis defines the term juvenile idiopathic arthritis (JIA), substituting juvenile rheumatoid arthritis (JRA), as chronic arthritis (persisting for more than 6 weeks) in one or more joints with onset before 16 years of age and unknown etiology. The diagnosis of JIA is one of exclusion and includes seven different groups: systemic arthritis, oligoarthritis, rheumatoid factor positive polyarthritis, rheumatoid factor negative polyarthritis, psoriatic arthritis, arthritis associated with enthesitis and undifferentiated arthritis . The systemic form of JIA is defined as the presence of arthritis in one or more joints associated with daily fever above 39 o C for a minimum period of 15 days together with the presence of at least one of the following manifestations: rheumatoid exanthema, generalized adenomegaly, pericarditis, pleuritis, hepatomegaly and/or splenomegaly. 1 The macrophage activation syndrome (MAS) is an entity with both familiar and acquired forms. The acquired forms can be triggered by infections, neoplasms, i m m u n o d e f i c i e n c i e s a n d r h e u m a t i c d i s e a s e s . 2 -5 Macrophage activation syndrome associated with JIA is extremely rare. There are no reported prevalence rates and around 88 cases had been described by 2001. 4 Macrophage activation syndrome associated with JIA was first described by Hadchouel et al. in 1985 . 6 This syndrome occurs primarily with the systemic form of JIA, and the average period of JIA prior to MAS onset is from 4.2 to 4.8 years. 6, 7 Other names have been used in published literature for this syndrome when associated with JIA, such as: reactive hemophagocytic syndrome, 5,8 hemophagocytic lymphohistiocytosis 2 or disseminated intravascular coagulation (DIVC) with liver failure. 9 Patients with MAS present prolonged high fever, hepatomegaly and splenomegaly, bleeding, generalized adenomegaly, rash, jaundice, can develop acute liver failure, coma, DIVC and multiple organ failure. [2] [3] [4] [5] Anemia, leukopenia, thrombocytopenia, hypofibrinogenemia and slowed coagulation habitually occur in all patients. 10, 11 The presence of numerous macrophages in the bone marrow phagocytosing blood cells (hemophagocytosis), with no evidence of malignancy is characteristic of MAS. 3, 12 Macrophage activation syndrome can be triggered by viral infectious agents such as: varicella-zoster, 13 hepatitis A, 14 Epstein-Barr 8 and coxsackie B, 15 in addition to therapy with gold, acetylsalicylic acid and other nonsteroidal antiinflammatory drugs, 6,12 methrotrexate, 10 sulfasalazine and penicillamine. 7 The etiopathogenesis of MAS is unknown. The macrophage activation liberates proteases which activate plasminogen, leading to the formation of plasmin with fibrin degradation, triggering fibrinolysis and DIVC. 3 Cytokine overproduction, particularly of interleukin 1, tumor necrosis factor and gamma-interferon, observed in children with familial hemophagocytic lymphohistiocytosis, can be responsible for abnormalities affecting the liver brain and blood in such children. 16 Macrophage activation syndrome involves overproduction of cytokines originating from activated T lymphocytes and macrophages (IFN-γ, GM-CSF, IL-6, IL-1 and TNFα), significant reductions in NK cells 17 and perforin (the protein that controls the cytotoxic activity of NK cells and T lymphocytes). 18 The objective of the present study was to describe the clinical characteristics, laboratory findings and therapies employed in children and adolescents with MAS associated with JIA.
Case descriptions
Clinical and laboratory protocols were used to retrospectively analyze the medical records of all 462 children and adolescents who had been diagnosed with JIA according to ILAR criteria (International League of Associations of Rheumatology), 1 during the period between January 1983 and January 2002. The patients had all been treated at the Pediatric Rheumatology Unit at the FMUSP Pediatrics Department. The MAS diagnosis was defined as abrupt onset of pancytopenia associated with jaundice, elevated transaminases, direct bilirubin and coagulation rates 3 and/or from evidence of blood cell phagocytosis by macrophage proliferation. 4 The following clinical characteristics were analyzed: JIA onset and course of disease, the presence of recent infectious processes, characterization of liver involvement and medication-based treatment previously given. The course of the JIA prior to MAS onset was classed as either remissive (disease inactive for at least 2 years) 19 or polycyclic (periods of disease activity and inactivity).
The following workup exams had been performed: complete blood test, erythrocyte sedimentation rate (ESR), aspartate transaminase (AST), alanine aminotransferase (ALT), prothrombin time (PT), thrombin time (TT), activated partial thromboplastin time (APTT), fibrinogen, factor V, fibrin degeneration products (FDP), albumin, total bilirubin and fractions, triglycerides, myelogram and serum tests for Epstein-Barr virus, cytomegalovirus, rubella and hepatitis A, B and C. All histological examinations performed at autopsy were evaluated by the same pathologist from the Pathological Anatomy Service at FMUSP. This research was approved by the Research and Ethics Commission at the FMUSP Hospital das Clínicas.
During the study period seven (1.5%) cases of systemic JIA that developed MAS were monitored. These originated from a total of 462 JIA patients, 198 (43%) of whom had the systemic form. Seven (1.5%) patients developed MAS and all of them had had the systemic form of the disease. Table  1 lists the demographic characteristics of these patients. Five were male and five were white. The median for age at JIA onset was 3 years and 10 months and the median JIA duration prior to MAS onset was 8 years and 4 months. The period between onset of symptoms and MAS diagnosis varied from 2 to 30 days, with a median of 5 days. The cases in question occurred between 1993 and 1998. Table 2 illustrates the workup exams and treatments for MAS associated with systemic JIA. All patients presented persistent high fevers (habitually above 39 ºC, with a mean duration of 30 days) and acute liver failure with jaundice, hepatosplenomegaly (an average of 3 cm from the costal margin) and bleeding, in particular gingival bleeding and petechiae. In four cases JIA was reactivated with polyarthritis involving knees, ankles and wrists; and two presented rheumatoid rash concomitantly with the febrile episode. Two patients had been in clinical and laboratory remission from JIA, one of them for 1 year (case 1) and the other for 3 years (case 3).
With respect of previous infectious history, case 1 presented a co-infection of hepatitis C and cytomegalovirus with evidence of IgM antibodies for both infections, case 3 developed MAS 1 week after a hepatitis A outbreak at the patients residence, confirmed by anti-VHA IgM serology. Case 6 developed MAS two weeks after chickenpox.
Hepatic enzymes were at elevated levels in all patients (mean AST was 800 U/l and ALT was 600 U/l). All patients exhibited pancytopenia, elevated coagulation times and increased direct bilirubin (mean 11.7 mg/dl). Four cases presented normal or reduced EST (less than 20 mm in the first hour). Acute renal insufficiency with elevated urea levels (above 60 mg/dl) and creatinine (above 1.2 mg/dl) was observed in four patients. Hypoalbuminemia (below 3 g/l) was found in three and hypertriglyceridemia (above 160 mg/dl) in six patients. In four cases the bone marrows showed macrophage proliferation with phagocytosis, particularly affecting erythrocytes (hemophagocytosis); case 7 exhibited bone marrow hypoplasia with no macrophage proliferation.
Prior to MAS, systemic JIA treatment had included nonsteroidal anti-inflammatory drugs (in particular acetylsalicylic acid and indomethacin), corticosteroids and disease-modifying antirheumatic drugs in all cases. The drugs that were being given at the time that MAS signs and symptoms appeared are listed in Table 2 . They had been being used for between 2 months and 4 years prior to MAS onset. It should be emphasized that only in case 5 did MAS clearly develop two weeks after the introduction of sulfasalazine. 
Age at JIA onset 3y1m 5y9m 3y7m 4y4m 2y2m 3y10m 7y3m
JIA duration prior to MAS onset 5y4m 11y 6y 10y4m 8y4m 2y9m 12y8m
Period between onset of symptoms and MAS diagnosis 10d 7d 30d 3d 2d 3d 5d Table 2 The treatment for MAS initially included daily pulse therapy with methylprednisolone (30 mg/kg/day) in all cases, ranging from three to five pulse therapies per patient. Five patients required one or more treatments to control the disease (Table 2) : two patients were given plasmapheresis (three sessions with 1.5 plasma volume exchange and intervals of 24 to 48 hours); two received intravenous gammaglobulin (2 g/kg/single dose) and three received intravenous cyclosporine (2 mg/kg/day every 12 hours). Early diagnosis and introduction of pulse therapy with methylprednisolone and cyclosporine were associated with improved progress (disappearance of symptoms and normalization of leukocytes, platelets and coagulation times, in an average of 1 week).
All patients exhibited somnolence and sleep inversion. Three patients required admission to the intensive care unit due to coma, requiring mechanical ventilation and went on to die from multiple organ failure. The autopsies of these three patients showed, in case 1, bleeding diathesis, splenitis, periportal fibrosis and hepatic steatosis; in case 2 bleeding diathesis, chronic pericarditis, splenitis, acute renal insufficiency and liver necrosis; there was no evidence of hemophagocytosis in the first two cases; in case 3 findings were, bleeding diathesis, massive liver necrosis (compatible with fulminating hepatitis) and macrophage proliferation in the lungs, with hemophagocytosis.
Comments
Around 10% of children with JIA present with the systemic form. 20 At the Pediatric Rheumatology Service, which gives priority to caring for more serious and complex cases, the systemic form is the most common of the subtypes and accounts for 41% of the JIA cases. 21 Evidence suggests that MAS etiopathogenesis is associated with a hereditary defect in immunoregulation, predisposing sufferers to a histiocytic proliferation in response to specific triggering agents such as viruses, 15, 22 autoimmune diseases, 6, [22] [23] [24] [25] [26] [27] [28] immunodeficiencies (such as during the accelerated phase of the Chédiak-Higashi syndrome) 3 and drugs. 7, 10 In the majority of studies of JIA, the criteria for MAS diagnosis are not defined. Ravelli 4 performed a retrospective study of 88 patients with JIA (72 reported in published literature and 16 new Italian cases). The variables that offered greatest sensitivity and specificity (both above 0.75) were : ferritin >10,000 ng/ml (1.0; 1.0), triglycerides > 160 mg/dl (0.9; 1.0), TGO > 40 UI/ml (0.93; 0.97), fibrinogen < 250 mg/dl (0.85; 1.0), TGP > 40 UI/ml (0.87; 0.93), thrombocytopenia < 150,000/mm 3 Macrophage activation syndrome associated with JIA occurs primarily in children, 2-5 but can also affect young adults who present JIA onset during childhood and after disease durations of 2 to 12 years, 6, 8, 14 or, rarely, can occur with Stills disease in adults. 23, 26 In the current survey, the median period of JIA duration prior to development was 8 years, characterizing a long duration of an immunosuppressive disease, with possibilities for infections and the need to employ a number of different therapeutic regimens with multiple side effects. The mean period of JIA duration before MAS onset described in the relevant literature varies from 4.2 to 4.8 years. 6, 7 Schwartz et al. 9 described a case of MAS with onset 17 years after the appearance of systemic JIA.
A previous infectious history associated with MAS was observed in three of our cases. Among patients with systemic JIA, the association of MAS with infectious agents has been described, on average one to two weeks after the onset of infection by the hepatitis A virus, 14 the varicella-zoster virus, 13 coxsackie B virus 15 and the Epstein-Barr virus. 8, 26 Other associations such as: Pneumocystis carinii, salmonelosis 27 cytomegalovirus, rubella, human immunodeficiency virus, bacterial diseases such as tuberculosis, leishmaniasis, brucellosis and syphilis; neoplasms and prolonged soluble lipid use have all been described. 2 A number of different medications have been described as being possible triggers for MAS, in particular nonsteroidal anti-inflammatory drugs (acetylsalicylic acid and indomethacin), gold salts triggering the syndrome after the second weekly dose, 6,12 methotrexate, 10,27 penicillamine 7 and sulfasalazine. 7, 27 All of our patients had been given a variety of different medications prior to the appearance of MAS. One of our cases presented MAS two weeks after the introduction of sulfasalazine.
Macrophages or histiocytes are seen actively phagocytosing erythrocytes in between 40 and 82%. 4, 5 In the present study five patients presented macrophage proliferation with hemophagocytosis; four in bone marrow aspirate and one in the lungs at autopsy. Recently, hyperferritinemia has been associated with MAS positive patients in up to 100% of cases. 4 Our last case was diagnosed in 1988 when this exam was not yet used routinely.
Macrophage activation syndrome must be differentiated from the systemic activity of the JIA syndrome itself. Fever is persistent in MAS, in contrast with systemic JIA where it occurs once or twice a day. 3, 7 The characteristic blood test results indicating systemic JIA activity will show leukocytosis in 80% and thrombocytosis in 70% of cases, in contrast with MAS which progresses with leukopenia and thrombocytopenia. 21 All of our cases presented just one episode of MAS, with regression of jaundice and bleeding, on average one week after treatment was begun. Stéphan et al. 5 describe two MAS relapses in 4% and three in 13% of their patients.
In order to treat the hemophagocytic syndrome, initially all NSAIDs, disease-modifying antirheumatic drugs and/or immunosuppressors should be withdrawn. Corticosteroids are the drugs of choice, intravenously, particularly pulse therapy with methylprednisolone. 6, 24 The second drug currently indicated in the literature is cyclosporine A, particularly for patients who are not responsive to corticosteroids. 3, 7, 24, 25 Other therapeutic modalities that can be employed are: intravenous gammaglobulin, cyclophosphamide, plasmapheresis 12 and etanercepte. 11 Three of these cases had fatal outcomes. All deaths were the result of liver failure and bleeding diathesis. These three patients all exhibited a prolonged time between onset of symptoms and seeking our Service, delaying MAS diagnosis.
Fatal outcomes are the result of 2 to 4% of children with JIA, particularly associated with the systemic form of the disease. 21 Death rates vary from 1% in the United States to 4.2% in Europe, primarily due to amyloidosis. 29 Bernstein 30 describes deaths due to liver failure in 20% of patients. Boone 31 describes death rates of 17% of a total of 1,674 patients with JIA from liver failure, generally from unknown causes, being occasionally due to viral hepatitis and the use of gold salts, believing that these deaths were in fact due to MAS. Deaths from MAS associated with systemic JIA, in studies with more than five cases, occurred in 11 to 30% of cases. [5] [6] [7] We conclude that MAS is a complication of the systemic form of JIA with elevated morbidity and mortality. The presence of acute liver failure and pancytopenia in patients with JIA should alert health professionals to a diagnosis of MAS. Early recognition, differentiation from systemic activity of the systemic JIA itself and the rapid introduction of aggressive treatment contribute to better prognosis.
